ABSTRACT: A detailed mechanism for the thermal decomposition and oxidation of the flame intermediate glyoxal (OCHCHO) has been assembled from available theoretical and experimental literature data. The modeling capabilities of this extensive mechanism have been tested by simulating experimental HCO profiles measured at intermediate and high temperatures in previous glyoxal photolysis and pyrolysis studies. Additionally, new experiments on glyoxal pyrolysis and oxidation have been performed with glyoxal and glyoxal/oxygen mixtures in Ar behind shock waves at temperatures of 1285−1760 K at two different total density ranges. HCO concentration−time profiles have been detected by frequency modulation spectroscopy at a wavelength of λ = 614.752 nm. The temperature range of available direct rate constant data of the hightemperature key reaction HCO + O 2 → CO + HO 2 has been extended up to 1705 K and confirms a temperature dependence consistent with a dominating direct abstraction channel. Taking into account available literature data obtained at lower temperatures, the following rate constant expression is recommended over the temperature range 295 K < T < 1705 K: k 1 /(cm 3 mol −1 s −1 ) = 6.92 × 10 6 × T 1.90 × exp(+5.73 kJ/mol/RT). At intermediate temperatures, the reaction OCHCHO + HO 2 becomes more important. A detailed reanalysis of previous experimental data as well as more recent theoretical predictions favor the formation of a recombination product in contrast to the formerly assumed dominating and fast OH-forming channel. Modeling results of the present study support the formation of HOCH(OO)CHO and provide a 2 orders of magnitude lower rate constant estimate for the OH channel. Hence, low-temperature generation of chain carriers has to be attributed to secondary reactions of HOCH(OO)CHO.
■ INTRODUCTION
The oxidation chemistry of glyoxal (OCHCHO) is of interest, partly because it is recognized as an intermediate in combustion of hydrocarbons and partly because glyoxal has been identified as a promising HCO high-temperature source for shock tube measurements. 1, 2 Moreover, glyoxal is discussed as an important component in tropospheric chemistry. 3, 4 Glyoxal can be formed from oxidation of C 2 H 2 at low to medium temperatures, 5−9 as well as in the atmosphere, 10 Previous studies of OCHCHO chemistry include thermal decomposition in static reactors 17 and shock tubes 18, 19 as well as low-temperature oxidation 20−22 and determination of explosion limits in static reactors. 23 Also, data on the lowtemperature oxidation of glyoxal by H 2 O 2 24 and NO 2 25 have been reported. More recently, Colberg and Friedrichs, 2 in a combined shock tube/photolysis study of OCHCHO/O 2 mixtures, obtained rate coefficients for the reaction HCO + O 2 at 750−1110 K. To our knowledge, no detailed chemical kinetic modeling studies of glyoxal oxidation have previously been reported.
The objective of the present study is 2-fold: We aim to develop a detailed chemical kinetic model for oxidation of OCHCHO in the intermediate to high temperature range for use in combustion studies. Furthermore, we wish to extend the measurement range for the rate constant of HCO + O 2 to higher temperatures. Novel shock tube experiments are conducted for OCHCHO and OCHCHO/O 2 mixtures in argon at temperatures from 1285 to 1760 K. The results from these experiments are combined with the previous data from Colberg and Friedrichs, and implications for our understanding of glyoxal oxidation and for the overall rate constant of the reaction HCO + O 2 are discussed.
■ DETAILED KINETIC MODEL
A mechanism has been assembled from recent work on the chemistry of glyoxal, 2, 19 formic acid, 26 formaldehyde, 27 carbon monoxide, 28 and hydrogen. 29 In the present work, the OCHCHO oxidation subset of the mechanism was updated. The thermodynamic properties for OCHCHO and OCHCO are shown in Table 1 , 30, 31 whereas Table 2 lists key reactions in the OCHCHO oxidation scheme. 2, 19, 32, 34, 35 The full mechanism, including pressure-dependent rate coefficients for many decomposition and recombination reactions, is available as Supporting Information.
In addition to the OCHCHO subset discussed below, particular attention was paid to the reaction of HCO with O 2
High-temperature oxidation of hydrocarbons as well as of glyoxal is very sensitive to this step. Starting from the experimentally determined rate coefficients by Colberg and Friedrichs 2 and the new experimental data presented below, we derived a rate constant expression valid over a wide range of temperatures. Hsu et al. 36 reported a theoretical study of this reaction, based on RRKM calculations for the indirect abstraction channel and VTST calculations for the direct abstraction channel. Both channels yield the products CO + HO 2 . According to these calculations, at low temperatures the more or less temperature-independent indirect channel dominates and the increase of the total rate constant, which is due to the direct abstraction channel, takes place not before temperatures of T > 1250 K. In contrast, the Colberg and Friedrichs determination implies a distinct increase of the rate constant already at temperatures above T > 700 K. For the temperature range of the present shock tube study (1285−1705 K), the extrapolated Arrhenius expression of Colberg and Friedrichs yields 2.1−2.5 times higher values than the theoretical prediction of Hsu et al. Hence, the new glyoxal oxidation experiments served as a critical test of both the absolute value of the rate constant and the overall temperature dependence of the reaction HCO + O 2 .
Thermal dissociation of OCHCHO has been characterized experimentally behind shock waves 18, 19 and theoretically. 19, 37 It 31 and the reaction OCHCHO → OCHCO + H. There are isomers of OCHCO with bent C−C−O structures, but the most stable isomer has an almost linear C−C−O group. The corresponding bond dissociation enthalpy is 366.2 kJ mol −1 , which corresponds to Δ f H 298°( OCHCO) = −63.8 kJ mol −1 . Entropies and heat capacities of OCHCO were derived using the harmonic oscillator/rigid rotor model. We have adopted the results by Friedrichs et al., 19 who detected species profiles of OCHCHO, HCO, and H behind shock waves at temperatures of 1032−2320 K. In their work, the obtained branching ratios of the thermal glyoxal decomposition were interpreted by means of RRKM/SACM/ME calculations, and rate coefficients over a wide range of temperatures (800− 2500 K) and pressures (1 mbar to 100 bar) have been reported. Original data have been represented in terms of Chebyshev polynomial coefficients. We reparametrized their data and report extended Arrhenius expressions at p = 1 bar in Table 2 and at other total pressures in the Supporting Information. A key finding of Friedrichs et al. was that the previously neglected, energetically most unfavorable HCO channel (R2d), due to its loose transition state character, becomes the dominant product channel at high temperatures and pressures. For example, at T = 2300 K and p = 3 bar, the branching fraction of channel (R2d) accounts for 48% of the total reaction rate. In contrast, the hydroxymethylene forming HCOH channel (R2c), in agreement with a photochemical study of Hepburn et al., 38 with branching fractions <7% at all temperatures and pressures turned out to be minor. Arguments have been put forward in ref 19 that subsequent chemistry of HCOH is not expected to serve as a significant source of additional atoms or radicals such that the overall influence of this minor channel on glyoxal chemistry remains small. With regard to a simplified description of the thermal decomposition of glyoxal, channel (R2c) has, therefore, not been treated as a separate channel, but its reported rate constant expression has been merged with reaction channel (R2a), which is the main channel under the experimental conditions of this work.
Other OCHC(O)OH would be expected to decompose rapidly to formic acid (HOCHO) + CO. Indeed, the existence of the OHproducing channel for glyoxal + HO 2 seems to be supported by the detection of formic acid 41 in glyoxal oxidation and appears to be required to explain the generation of chain carriers in glyoxal oxidation at 563−643 K. 21 From a photolysis study at 298 K, Niki et al. 41 derived a room-temperature value for the OH channel of 3 × 10 8 cm 3 mol
. Support for an OHproducing channel of the OCHCHO + HO 2 reaction is also provided theoretically. According to da Silva, 34 the reaction forms a hydroxyperoxy radical, which decomposes to HOCHO + CO + OH provided that the association reaction (R6) and the subsequent reactions of HOCH(OO)CHO are taken into account. Consequently, we have adopted the rate coefficients for (R6) and (R7) from da Silva.
Only a few studies of the chemistry of the OCHCO radical have been reported. 33, 41, 42 It is expected to decompose thermally or react with O 2 . The thermal dissociation
was studied theoretically by da Silva, 35 who determined a highpressure limit of k 10,∞ /s −1 = 1.1 × 10 14 × T 0.133 × exp(−5102/ T) between 200 and 2000 K. Under the conditions of interest in the present study, this reaction is in the fall-off regime, and consequently we used extrapolations of rate constants provided by da Silva for the 150−400 K range for pressures of 0.01, 0.1, and 1 atm. The rate constant calculated by da Silva is considerably lower than the experimental value reported by Orlando and Tyndall 42 for 0.92 atm and 224−370 K. However, the latter determination was affected by the use of a too large rate constant value for OCHCO + O 2 , as pointed out by da Silva.
The reaction of OCHCO with O 2 could involve a number of product channels, i.e.
(R11a)
da Silva 35 predicts the CO + CO 2 + OH channel (R11a) to be dominating above room temperature. In fact, in a recent kinetic study on OH formation in the Cl/OCHCHO/O 2 reaction system, Lockhart et al. 33 found strong evidence that the reaction (R11) directly yields OH radicals with a rate constant consistent with the da Silva estimate. The OCHCO + O 2 addition reaction is strongly exothermal, and isomerization/ decomposition of the excited peroxy radical adduct is competitive with collisional deactivation even at low temperature, leading directly to the dissociated products CO 2 + CO + OH. Similar to reaction (R10), da Silva uses RRKM/ME theory to calculate values of k 11a for temperatures between 150 and 400 K and pressures of 0.01−1 bar; we extrapolate these data to the conditions of the present work. The work of da Silva indicates a small, positive activation energy (4−8 kJ mol
). The finding that (R11a) is the main product channel for OCHCO + O 2 is in agreement with experimental observations by Orlando and Tyndall. 42 However, they assumed the reaction to be barrierless and estimated a somewhat larger rate constant.
Addition of O 2 (R11c) yields a ketoperoxy radical, OCHC(O)OO. This radical isomerizes with a computed barrier of 63 kJ mol −1 to make OCC(O)OOH through a 1− 4 hydrogen shift. With a low barrier of 28 kJ mol −1 , the OCC(O)OOH radical would dissociate fast to form CO + CO 2 + OH, an overall step equivalent to (R11a). Alternatively, the ketoperoxy radical could pick up an H atom at the radical oxygen, resulting in OCHC(O)OOH. The new O−H bond with a bond energy of 407 kJ mol −1 is reasonably strong; thus, H might be abstracted from other species present, including glyoxal. OCHC(O)OOH can decompose in a unimolecular step with a barrier of 87 kJ mol −1 to yield HCO + CO 2 + OH, or it can be converted to OCC(O)OOH by abstraction of H from the C−H bond. With a bond energy of 379 kJ mol −1 , this bond is weaker than the O−H bond. However, da Silva predicts the association rate (R11c) to decrease rapidly above 300 K, and these pathways are not expected to be important under the conditions of the present study.
■ EXPERIMENTAL SECTION
The thermal decomposition of glyoxal has been investigated behind shock waves with and without oxygen present in the reaction gas mixtures. All experiments were carried out in an electropolished stainless steel shock tube that is described in detail elsewhere. 2 The shock tube has been operated using hydrogen or hydrogen/nitrogen mixtures as driver gas and a 30 or 80 μm thick aluminum diaphragm. Concentration−time profiles of the glyoxal decomposition product HCO were measured by means of frequency modulation (FM) spectroscopy at a detection wavelength of λ = 614.752 nm. The experimental setup was very similar to the one used in our previous paper on the reaction HCO + O 2 .
2 Details on the HCO detection scheme and the implementation of FM spectroscopy for quantitative measurements of radicals behind shock waves can be found elsewhere. 43, 44 According to FM theory, the measured signal I FM is related to the absolute radical concentration c by the equation
Here, I 0 is the probe light intensity, σ c is the absorption crosssection at line center, and l is the absorption path length. Δf, the so-called FM factor, depends on the applied modulation frequency as well as the modulation depth and is calculated from the absorption line shape profile at the actual experimental temperature and pressure. Accurate line shape data and absorption cross-sections have been adopted from Friedrichs et al. 43 The room-temperature value of the absorption cross-section is in excellent agreement (within 2%) with the accurate measurements of Flad et al. 45 Allowance was made for a small pressure broadening effect according to an assumed pressure broadening coefficient Δν = 2.0 × (T/298 K) 0.75 GHz bar
, which is similar to the one experimentally observed for NH 2 . 46 G is the device-specific electronic gain factor of the FM spectrometer, which has to be determined separately. Its value has been remeasured and was found to be consistent with our previous determinations. We estimate the accuracy of the calculated HCO concentrations (including the error of the gain factor and the high-temperature extrapolation of the HCO cross-section) to be ±20%.
Glyoxal was prepared by heating glyoxal trimeric dihydrate in the presence of P 2 O 5 and was stored in a liquid nitrogen trap. Reaction gas mixtures were prepared manometrically and contained 1% glyoxal in argon. Such high glyoxal mole fractions were necessary to ensure detectable HCO concentration levels. ) shock waves in the temperature range 1299 K < T < 1757 K. The experimental conditions of all 28 shock tube experiments, as calculated from the measured shock wave velocity and preshock conditions using a standard shock tube code with real gas correction, are outlined in Table 3 . It is known that the vibrational relaxation/equilibration of oxygen is quite slow, about 100 μs at T = 1500 K and p = 1 bar in argon. 47 Therefore, in contrast to the translational and rotational degrees of freedom that are heated within 1 μs, the vibrational degrees of freedom are not in thermal equilibrium on the typical experimental time scales of 7−70 μs present in this study. This has two consequences: On the one hand, the real initial temperatures behind the shock waves were somewhat higher than calculated by the standard shock tube code. Therefore, Table 3 lists a corrected, up to 10 K higher, initial temperature assuming that the O 2 vibrational degree of freedom is not heated at all. On the other hand, as the actual O 2 (υ = 1)/O 2 (υ = 0) ratio during the experiment is lower than at thermal equilibrium (about 0.2 at T = 1400 K), the determined rate constant may be slightly biased by the different reactivities of O 2 in its υ = 0 and υ = 1 vibrational states. This nonequilibrium effect is difficult to address quantitatively and is typically neglected in the analysis of shock tube data. Within the scatter of the obtained rate constant data and taking into account the very good agreement with our previous shock tube measurements (which were not affected due to a sufficiently long delay behind the shock wave arrival and glyoxal photolysis), we assume that the possible, presumably negative, bias is not significant.
■ RESULTS AND DISCUSSION
Branching Ratio of Glyoxal Decomposition. Experiments with glyoxal/argon mixtures without oxygen were performed to test the overall thermal glyoxal decomposition mechanism reported in the literature. According to Friedrichs et al., 19 the channel branching of the multichannel unimolecular decomposition of glyoxal is strongly dependent on the temperature and total density. The effect of total density and temperature on the channel branching ratio is illustrated in Table 4 . Note the pronounced fall-off of the total rate constant k 2,total (ρ reflected /ρ incident = 2.5, but k 2,total reflected /k 2,total incident ≈ 1.7) and the significantly different importance of the HCO channel (R2d) at the two different temperatures (ϕ 1700K /ϕ 1300K ≈ 1.8). Hence, the experiments behind the incident and reflected shock waves at overall different total densities provide a critical test of their rate constant data and RRKM/SACM/ME predictions.
Experimental HCO concentration−time profiles behind the reflected shock wave at three different temperatures are shown in Figure 1a together with simulated profiles (thick curves). Figure 1b illustrates the corresponding sensitivity analysis of the T = 1519 K experiment in order to identify the most important reactions. The numerical simulations were performed using the CHEMKIN-II package 48 and the SENKIN routine 49 based on the glyoxal oxidation mechanism outline above. Overall, the observation times of the HCO profiles were rather short, and the initial increase of the HCO profiles were obscured by the strong Schlieren signal attributable to the passage of the shock wave through the detection laser beam. For a better comparison of the experimental and numerically simulated profiles, the experimental time resolution has been taken into account by convoluting the numerical simulation with an appropriate time response function (Gaussian, FWHM of 2−3 μs). Excluding the first few microseconds that are affected by the Schlieren signal (open symbols), both the absolute concentrations and the overall shapes of the reported concentration−time profiles are very well-captured by the simulations. Toward low temperatures, the experimentally accessible temperature range was limited by too low intermediate concentrations, and toward high temperatures, by too short HCO lifetimes. The sensitivity analysis in Figure 1b highlights the influence of the five most important reactions. Both the branching ratio of the OCHCHO decomposition and the rate constant of several secondary reactions have to be known to accurately predict the HCO profile. In fact, we were able to reproduce all measured HCO profiles without adjusting any rate constant data, initial glyoxal concentrations, or the temperature-dependent HCO absorption cross-section. From this high reproducibility, we conclude 
has been measured between 1285 K ≤ T ≤ 1705 K at two different total densities of ϱ ≈ 4.3 × 10 −6 mol cm −3 behind the incident and ϱ ≈ 1.0 × 10 −5 mol cm −3 behind the reflected shock waves. The experimental conditions and the results for k 1 are summarized in Table 3 . Next to 1% glyoxal, serving as a source of HCO radicals from reaction (R2d), the reaction mixtures contained 3185−9415 ppm of O 2 . Figure 2a illustrates two typical experimental HCO concentration−time profiles measured behind reflected shock waves at a temperature of 1339 and 1558 K, respectively. Both experiments were carried out at similar densities (ϱ = 1.16 and 0.96 × 10 −6 mol cm
) and initial glyoxal (1.02 and 1.05%) and O 2 mole fractions (4880 and 5045 ppm). The observed peak HCO concentration is about 4 times lower at the lower temperature. For the 1558 K experiment, the total HCO observation time is only about 40 μs, whereas HCO could be observed for >200 μs at 1339 K. This behavior is well-captured by the two simulated profiles (thick curves) using our glyoxal oxidation mechanism. Figure  2b illustrates the results of the sensitivity analysis of the T = 1339 K experiment. It reveals that the simulated absolute concentration levels are mainly determined by the branching ratio of the thermal decomposition of glyoxal, in particular the rate constants of the reaction (R2b), and by the assumed rate constant for the target reaction (R1). Other consecutive reactions of HCO and glyoxal are also important, but their rates have been validated together with the branching ratio by the shock tube measurements for mixtures without O 2 as outlined above. Hence, it was possible to obtain a best-fit value for the rate constant of the reaction HCO + O 2 by adjusting exclusively k 1 . The two dashed curves in Figure 2a , corresponding to numerical simulations with k 1 set to k 1 × 2 and k 1 /2, demonstrate the sensitivity of this procedure. Especially with respect to the HCO peak concentration, the effect of changing k 1 is very pronounced. Nevertheless, due to the moderate signal-to-noise ratio of the experiments, we estimate that the uncertainty of each individual k 1 value with ±75% is rather large.
The obtained k 1 values are depicted as red symbols in comparison with selected literature data in the Arrhenius plot shown in Figure 3 . The included red error bar corresponds to the ±75% uncertainty of a single data point; the 2σ standard deviation of the data with respect to the final Arrhenius fit (red curve) is about ±40%. For a more complete comparison of available literature data and a critical assessment of available room temperature data we refer to our previous publication 2 and the paper of DeSain et al. 50 Within the scatter of the data, the experiments behind the incident (open circles) and reflected shock waves (star symbols) are consistent; hence, no dependence of the rate constant on the total density could be identified. In contrast, a weak positive temperature The original data and error bars of the latter study are included as blue plus symbols. They had been determined using the 193 nm photolysis of glyoxal as a source of HCO radicals, and their uncertainty, unlike the uncertainty of the experiments in this work, was mainly due to the assumed initial ratio of [H]/ [HCO] from glyoxal photolysis. The very good agreement of these two independent studies points out the consistent modeling capabilities of our mechanism with regard to glyoxal photolysis and pyrolysis. The recommended value from the GRI-Mech. 3.0 51 (line marked with black filled circles) is in agreement with the new high-temperature results, but the temperature dependence is quite underestimated. The RRKM/VTST calculations of Hsu et al. 36 (curve marked with down triangle) underpredict the onset of the high-temperature direct abstraction channel, resulting in about 2 times lower absolute k 1 values at temperatures around 1500 K. Other experimental data for intermediate temperatures and at room temperature 2, 50, 52, 53 reveal a more or less temperature-independent rate constant, which is consistent with the expected capture controlled process of the indirect abstraction channel with an initiating recombination step and a low-lying exit barrier to the products CO + HO 2 . As a reasonable fit of the overall temperature dependence of the available data, an extended Arrhenius expression is recommended over the temperature range 295 K < T < 1705 K (red curve) The overall rate constant is independent of pressure. Even at room temperature, the collisionally deactivated recombination product HC(O)O 2 does not play a role provided that the pressure does not exceed several bar. 36 Model Validation against Literature Data. To test the capacity of our mechanism, we used it for the modeling of other available experimental literature data. In particular, the batch reactor experiments of Hay and Norrish 21 were of interest. Their study, which was based on manometric detection of the reaction progress and gas chromatographic product analysis, should provide a detailed characterization of glyoxal oxidation with varying equivalence ratio at a nominal temperature of 603 K. At this intermediate temperature, HO 2 related oxidation reactions such as OCHCHO + HO 2 become important. However, we were not able to reconcile the results of Hay and Norrish with our present understanding of the reaction system. Using our mechanism, we were able to reproduce qualitatively the product yields and the overall shapes of the experimental concentration−time profiles, but, in fact, they were on a more than 2 orders of magnitude slower time scale. As a possible explanation, the hypotheses of a much higher yield of the OH radical forming channel (R6), OCHCHO + HO 2 → HOCHO + CO + OH, was tested. As already stated above and further outlined in the Appendix, we actually recommend the low k 6 value calculated by da Silva 34 in our mechanism, which is 2 orders of magnitude smaller than the value reported by Niki et al. 41 In fact, setting k 6 to the much higher value of Niki et al. significantly reduces the mismatch of the overall reaction time scales, but the agreement with the reported product yields is seriously deteriorated. In particular, the high yield of H 2 O 2 reported by Hay and Norrish is considerably underestimated. Further modeling attempts led us to the conclusion that the Hay and Norrish experiments presumably were not performed under isothermal conditions and that the fast observed experimental glyoxal consumption is at least partly due to an unidentified temperature increase of the reaction gas mixture. This uncertainty, along with the issue of potential surface effects in the reactor, makes these data less suitable for kinetic interpretation.
Another test for the glyoxal oxidation mechanism was the modeling of the photolysis experiments of glyoxal/oxygen mixtures performed by Colberg and Friedrichs.
2 Figure 4 shows . 36 The red curve depicts the final recommended k 1 rate expression. 
■ CONCLUSIONS
A detailed glyoxal decomposition and oxidation mechanism has been compiled from literature data merging previous reports on glyoxal/oxygen photolysis at room and high temperature, 19 the branching ratios of glyoxal thermal decomposition, 2 and theoretical studies on the reaction of glyoxal + HO 2 , 34 OCHCO + O 2 , 35 and formic acid oxidation. 26 All HCO profiles from glyoxal decomposition behind shock waves could be very well-simulated, both in terms of absolute HCO concentrations and signal shapes, using the glyoxal decomposition mechanism adopted from Colberg and Friedrichs 2 with branching fractions taken from Friedrichs et al. 19 The established glyoxal pyrolysis mechanism was able to predict the measured HCO concentration−time profiles of this work without any modifications. Moreover, by adding oxygen to the reaction mixtures, the rate constant for the reaction HCO + O 2 could be measured at temperatures 1285 K ≤ T ≤ 1705 K, hence significantly extending the range of direct measurements toward higher temperatures. The results are in striking agreement with the previous shock tube/photolysis experiments of Colberg and Friedrichs. 2 The absolute values as well as the overall temperature dependence, which is stronger than predicted theoretically, could be confirmed.
A detailed reanalysis of previous experimental measurements on the reaction OCHCHO + HO 2 performed by Niki et al. 41 led us to the conclusion that the reported high OH yield can be traced back to a previously unidentified formation of the recombination product HOCH(OO)CHO and its secondary reaction with HO 2 . The theoretically predicted, 2 orders of magnitude lower rate constant value for OH formation reported by da Silva 34 is also supported by a reassessment of the previous glyoxal/O 2 As discussed above, the reaction of OCHCHO with HO 2 is believed to be of importance for the generation of chain carriers in oxidation of glyoxal. Figure 5 compares the available rate constant data for the rate of OCHCHO + HO 2 . According to the recent theoretical study by da Silva, 34 glyoxal reacts with HO 2 to form a hydroxyperoxy radical. At low temperatures, the major reaction product is predicted to be collisionally deactivated HOCH(OO)CHO (R7), but a secondary product channel yielding HOCHO and OH
has been proposed in earlier studies of glyoxal oxidation. The only experimental determination of the rate constant for the OH channel was reported by Niki et al., 41 who derived a value more than 2 orders of magnitude larger than the theoretical estimate for k 7 by da Silva. 34 Figure 5 compares their value (open square) with the theoretical prediction of the rate constants for the different channels of the reaction OCHCHO + HO 2 .
Due to the importance of the reaction of glyoxal with HO 2 , it is worthwhile to take a closer look at the experimental results from Niki et al. that form the basis of their estimation of k 7 . They conducted Cl-atom initiated oxidation studies of glyoxal oxidation, photolyzing a system of Cl 2 (100 ppm), OCHCHO (8−22 ppm), O 2 (93.3 mbar), and H 2 (840 mbar). The following sequence of reactions was intended to provide data ( Figure 5 ). An up-to-date kinetic analysis of the system supports most of the assumptions made by Niki et , which is typical for this type of reaction.
Modeling of the experimental data from Niki et al. with the detailed reaction mechanism of the present work have been performed. Appropriate reactions of chlorine species have been added, and the photolysis rate for Cl 2 was fitted such that the calculated concentration of HCl after 60 or 120 s matched reasonably the measured values. The results are shown (in parentheses) in Table 5 . Even though we employ a rate constant for k 7 , which is about 2 orders of magnitude lower than derived by Niki et al., the agreement between measured and predicted concentrations is acceptable. In support of the present interpretation of the reaction system, Niki et al. reported the detection of a transient component, which they believed to be HOCH(OOH)CHO.
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